Vasopressin and theophylline both increase the content of adenosine 3': 5'-cyclic monophosphate (cAMP) After centrifugation at 700 X g for 15 min, the supernatant fluid was transferred to 5.5 X 0.5 cm cation-exchange (BioRad AG 50W-X8, 100-200 mesh) columns that had been equilibrated with 0.1 N HCl. The cAMP was eluted with distilled water. Samples were iyophilized and dissolved in an appropriate volume of double-glass-distilled water, and were assayed at two dilutions, each in duplicate, by a modification of the method of Gilman (6). Each value for cAMP represents the mean of duplicate determinations performed at two dilutions,
Aldosterone, in addition to stimulating sodium transport across the urinary bladder of the toad (1), amplifies the physiologic response of the tissue to vasopressin (2, 3) . The peptide hormone increases sodium transport and osmotic water flow across the bladder by a mechanism involving the intermediacy of adenosine 3':5'-cyclic monophosphate (cAMP) (4, 5) . These responses to vasopressin are considerably greater in bladders incubated with aldosterone for several hours than in those depleted of aldosterone by incubation in steroid-free medium for a comparable time (3) . This "permissive" effect of aldosterone is also evident with respect to exogenous cAMP and theophylline (an inhibitor of the degradation of the nucleotide), in that the permeability responses to these agents are also greater in steroid-treated tissue. These observations were interpreted (3) as indicating that the steroid affected a step in the permeability process subsequent to the vasopressin-induced accumulation of cAMP, conceivably by altering the responsiveness of the tissue to the nucleotide. As reported below, however, the elevation in the concentration of cAMP produced by vasopressin or theophylline, or a combination of the two, is considerably greater in epithelial cells of steroid-treated bladders than in those of steroid-depleted bladders. The Quarter bladders were incubated for a total of 4 hr (see text). Vasopressin was added 15 min before and theophylline 30 min before the end of the final incubation period. Values for cAMP are the mean ±S.E., for the number of samples indicated in parentheses. All responses to vasopressin and to theophylline were significantly (P < 0.05) greater than the control.
'bation of tissue extracts with bovine-heart cyclic nucleotide phosphodiesterase reduced the cAMP content to undetectable concentrations.
The 
RESULTS
The effect of vasopressin and theophylline on the cAMP content of cells isolated from "fresh" tissue is summarized in Table 1 . Three mU/ml of vasopressin or 10 mM theophylline produced significant increases in the cAMP content of the epithelial cells. The effects of 25 mU/ml of vasopressin or 30 mM theophylline were considerably greater. In addition, as expected, the two agents together had a synergistic effect. These changes in cAMP content are similar to, but relatively greater than, those reported (8) must increase the sensitivity of the tissue to endogenous nucleotide.
The time course of the steroid effect is illustrated in Fig. 1 . Note that the peak increase in accumulation of cyclic nucleotide in cells of steroid-treated bladders after treatment with vasopressin occurred at 25 hr. In other studies, designed to examine the first 7 hr of the response of "fresh" tissue with and without aldosterone, 1-3 hr of incubation in steroid was necessary before a detectable difference in the cAMP content in response to vasopressin could be observed between the two sets of tissues. The response to vasopressin in steroid-depleted tissue (lower curve, Fig. 1 ) declined progressively. At the end of 16 hr of depletion, aldosterone increased the responsiveness to vasopressin, but only after several hours of incubation in steroid. Fig. 2 illustrates the effect of different concentrations of vasopressin on the cAMP content of cells from steroidtreated and depleted tissues. Although all concentrations of vasopressin (1-25 mU/ml) produce greater permeability responses in steroid-treated bladders (unpublished observations), a marked difference in the cAMP content of the two sets of cells was noted only when 10 and 25 mU/ml of vasopressin were tested. Despite our inability to detect a difference in the cAMP content of steroid-treated and depleted cells with 1 and 3 mU/ml of the polypeptide, we consider it likely that these concentrations of vasopressin do, in fact, elevate the concentration of cAMP to a greater extent in steroid-treated cells. The elevation may be localized to a tissue compartment responsible for the physiologic effects, but that represents only a small fraction of the total cellular pool of the nucleotide under these circumstances. Analogous considerations apply to the results with theophylline summarized in Table 2 . No detectable effect of the steroid on the concen- tration of cAMP is seen with 10 mM theophylline, despite amplification of the physiologic effects (unpublished observations). In contrast, 30 mM theophylline, as well as a combination of 10 mM theophylline and 3 mU/ml of vasopressin (neither of which alone was sufficient), clearly increased the accumulation of cAMP in the presence of aldosterone.
The specificity of the steroid response is illustrated in Table 3 . Cyclic AMP concentrations in response to vasopressin were unaltered by testosterone, which does not affect the permeability response to vasopressin (unpublished observations). In contrast, dexamethasone, which amplifies the physiologic response to vasopressin, as does aldosterone (3), had an equivalent effect on the accumulation of cAMP in response to the peptide. In other studies, the minimal concentration of aldosterone necessary to elicit a change in cAMP accumulation was 4 nM; 0.2 ,uM produced a maximal effect.
Finally, as illustrated in Table 4 , 0.5 mg/ml of cycloheximide, an inhibitor of protein synthesis, markedly reduced the effect of aldosterone on cAMP accumulation. Inhibition of the vasopressin-induced accumulation of cAMP was also noted in depleted tissue. The latter observation may be indicative of Where indicated, cycloheximide was present in the incubation medium for 25 hr, aldosterone was present for the final 23 hr. Vasopressin (25 mU/ml) was present for the final 15 min of incubation.
incomplete disappearance of residual endogenous steroid or, alternatively, may merely reflect inhibition of the synthesis of proteins involved in the accumulation of cAMP in response to vasopressin. DISCUSSION It is apparent that the permissive effect of aldosterone on the permeability responses of the toad bladder to vasopressin is explicable on the basis of increased accumulation of cAMP under these circumstances. Since the steroid also potentiates the physiologic effect of exogenous cAMP, and yet does not detectably alter the intracellular concentration of the nucleotide in the basal state, direct stimulation of adenylate cyclase activity by aldosterone is an unlikely cause either for the amplification of the physiologic response or for the increased accumulation of cAMP after vasopressin or theophylline administration. The most likely explanation for the remarkable increase in the cAMP content of steroid-treated tissue after treatment with vasopressin or theophylline, and consequent amplification of the physiologic response to these agents and exogenous cAMP, is a reduced rate of degradation of the nucleotide. Hydrolysis of the nucleotide by cyclic nucleotide phosphodiesterase (10) is the only known intracellular mechanism for the degradation of cAMP. Though the steroid, in our view, must in effect reduce the activity of the phosphodiesterase, it does not do so by direct interaction with the enzyme (as does theophylline). Theophylline, in contrast to aldosterone, acts rapidly, elevates the cAMP content of the cells of itself, and also elicits an increase in both osmotic water flow and sodium transport. The relatively flat doseresponse curve of steroid depleted tissue towards vasopressin (Fig. 2) is consistent with our hypothesis in that it may reflect release of inhibition of phosphodiesterase activity. Under these circumstances, despite increased adenylate cyclase activity with higher concentrations of vasopressin, the intracellular concentration of the nucleotide may be predominantly regulated by phosphodiesterase no longer under steroid control. Whether the well-known effect of aldosterone alone on sodium transport also may ultimately involve a change in phosphodiesterase activity in a cAMP pool responsible for sodium transport is not known.
Although we have been unable to demonstrate a difference in the activity of cyclic nucleotide phosphodiesterase in steroid-treated and depleted tissues, two observations are pertinent in this regard: (a) the elevated liver cyclic nucleotide phosphodiesterase activity of adrenalectomized rats is reduced by in vivo administration of 6a-methylprednisolone (11) and (b) cyclic nucleotide phosphodiesterase activity of rat hepatoma cells in tissue culture is reduced by incubation with dexamethasone (Manganiello, V. & Vaughan, M., personal communication). It is conceivable that steroid regulation of cyclic nucleotide phosphodiesterase may be mediated by changes in the rate of synthesis or activity of a "protein activator" of the enzyme, analogous to that recently reported (12) .
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